Introduction 32
Non-point source contamination of streams with pesticides applied in agricultural production is 33 widely acknowledged as one of the greatest stressors to stream ecosystems, and various routes for 34 pesticide transport from the field to stream recipients have been identified (Neumann et al., 2002 ; 35 Schulz, 2004 ). There is a clear consensus in the existing literature verifying surface runoff and flow 36 through tile-drains as the most important pathways for non-point pesticide losses in agricultural 37 catchments (Kreuger, 1998; Kronvang et al., 2004; Neumann et al., 2002; Wauchope, 1978) . As a 38 consequence, the highest pesticide concentrations occur during heavy precipitation events, and the 39 footprint of pesticides is proposed to be more distinct in small streams due to a closer connectivity 40 between land and stream (Kreuger & Brink, 1988; Probst et al., 2005; Schulz, 2004) . 41
According to the European Water Framework Directive (WFD), member states are obliged to 42 measure and ensure that all surface water bodies achieve at least good ecological status within a 43 defined timetable (European Commission, 2000) . Requirements are not only to assess the overall 44 ecological quality of surface waters, but also to identify the major environmental and/or 45 anthropogenic drivers of ecological degradation and the extent of impairment. Several biotic indices 46 and multi-metric procedures have been developed attempting to robustly characterise the impact of 47 selected stressors that result in the deviation from good ecological status (Furse et al., 2006) . 48
Non-point source pesticide contamination of rivers potentially poses a threat to all stream 49 dwelling organisms , and there is a growing interest to develop and provide field-50 based models to assist in characterising the non-point source pesticide contamination that originates 51 from agricultural practices (Friberg et al., 2003; Schäfer et al., 2007 Schäfer et al., , 2011a ; Schulz, 2004) . 52
However, there is still a need for additional studies that investigate the loss, occurrence and fate of 53 agricultural pesticides in streams and their impact on stream biota. Establishing causal relationships 54 between pesticides and their impact on flora and fauna is difficult due to natural variability in 55 anthropogenic stressors (Schäfer et al., 2007 (Schäfer et al., , 2011a . Furthermore, Schriever et al. (2007b) found 60 that SPEAR pesticides was the biological parameter best describing stream macroinvertebrate 61 community responses to a modelled indicator of pesticide surface runoff (RP). In contrast, 62 Rasmussen et al. (2011) were unable to link RP with SPEAR pesticides using a large dataset of small 63 Danish streams, which could be due to the presence of wider buffer strips along Danish streams 64 compared to German streams. Since buffer strip information is not integrated into the RP model but 65 is known to significantly influence pesticide runoff, different buffer strip characteristics between the 66 two sets of study streams can plausibly explain the different results. Implementing a function for 67 buffer strip width (representing a simplified measure for pesticide runoff retaining capacity) might, 68 therefore, significantly improve the predictive power of the RP model. 69
In this study we screened 14 Danish 1 st and 2 nd order streams for pesticides that are frequently 70 applied in normal agricultural practices in their respective catchments. The study aims were to 1) 71 characterise pesticide occurrence and potential toxicity for benthic macroinvertebrates in Danish 72 streams, 2) identify the environmental parameters that most strongly govern pesticide occurrence 73 and toxicity, and 3) improve the predictive power of the RP model by using detailed environmental 74 data and by adding a function for buffer strip width. 75 76
Materials and methods 77

Study area 78
The field campaign was conducted in 2009 in a set of study streams that is located on Funen, 79 Denmark ( Fig. 1) , where catchments are characterised by low elevation and loamy soils with 80 medium to low infiltration capacity. Agriculture and forest are the dominant types of land use. 81
Climatic conditions are temperate and the average regional precipitation is 700 mm year -1 . 82 Dominating crop types in the studied catchments were rye, wheat, barley, grass and oilseed rape 83 (Appendix A). 84 85
Stream characteristics 86
Fourteen 1 st or 2 nd order streams were selected based on the following selection criteria: year-round 87 water flow, no maintenance activities conducted during the sampling period (dredging and weed-88 cutting) and no sources of pollution other than from agricultural non-point sources. The streams 89 represent a gradient of potential pesticide contamination predicted from the proportion of adjacent 90 agricultural land. In order to optimise the selection of streams, the pesticide runoff was predicted by 91 applying the runoff potential (RP) model (see also Schriever et al., 2007a, b) . The RP-model is a 92 generic indicator that was developed to quantify the risk of pesticide runoff contamination to 93 streams from agricultural land (Schriever et al., 2007a) . Calculated RP for site selection support was 94 based on the assumption that any runoff-triggering precipitation event would be evenly distributed 95 among the studied streams. Data input for grown crops and pesticide application was based on 2008 96 data (Danish EPA, 2009). 97
Using aerial photographs, buffer strip dimensions (minimum and average buffer strip width) 98
were determined for each stream by digitalising buffer strips in 500, 1,000 and 2,000 metres 99 sections upstream of the sampling sites in ArcGis 9.2. Average buffer strip width was calculated by 100 simple mathematical integration of the digitalised buffer strip area. The outer boundaries of buffer 101 strips were characteristically visible using summer photos, since buffer strips are relatively 102 unmaintained compared to conventional agricultural fields and fallow land. Consequently, the 103 different types of vegetation found in the buffer strips clearly defined their outer boundaries. respectively. Filled water samples were retrieved within 24 hours after each heavy precipitation 117 event. During the sampling period, two precipitation episodes triggered the sampling system. The 118 first episode occurred on the 28 th of May and was characterised by a precipitation depth ranging 119 from 7 mm to 10 mm depending on the site. This episode triggered samplers in only six streams. 120
The second episode occurred on the 12 th of June and was characterised by a precipitation depth 121 ranging from 19 to 47 mm. The latter triggered the sampling system in all streams. 122
Bed sediment was sampled (stratified sampling) on the 20 th of July using a kajak corer (8 cm 123 diameter). All sediment samples were collected within a 50 m stream section extending upstream 124 from the event triggered samplers. One sample consisted of a minimum of 30 sub-samples from the 125 top layer (1-2 cm) of newly deposited sediment at in order to obtain sediment samples that generally 126 were representative for the respective reaches (see also Friberg et al., 2003) . 127
Water samples were collected manually in August during low flow conditions in order to 128 characterise the potential 'background input' of pesticides originating from groundwater inflow. 129
Banned pesticides were detected in all streams indicating the importance of groundwater input as a 130 source of pesticides. However, in our study, pesticides in the August samples were characterised by 131 a combination of low concentrations and low toxicity to benthic macroinvertebrates. Consequently, 132
we assumed that pesticides originating from groundwater input were of minor importance in the 133 studied streams. The runoff potential model was produced to predict runoff contamination of a generic compound 147 instead of predicting actual runoff losses for a specific compound. However, due to the high 148 resolution and quality input data (field block-specific crop data) we were able to meet data 149 requirements for a more detailed version of the model in terms of grown crops (Eq. (1) The results of the field campaign disclosed a total of 13 herbicides, 5 fungicides and 2 insecticide 214 that were actually detected in water samples from the 14 study streams (Table 1) . Summed 215 concentrations ranged from 0.01 to 3.17 μg L -1 , the number of detected pesticides per sample 216 ranged from 1 to 13, maximum TU ranged from -6.63 to -1.72, and summed TU ranged from -6.63 217 to -1.57. In total, five of the nine streams at risk for receiving pesticide runoff (proportion of 218 agricultural land ≥ 50%) were characterised by at least one sample with summed and maximum 219 In this study, the summed toxic units (TU) based on storm flow water samples ranged from -6.63 to 299 -1.57. Applying the maximum TU for single pesticides did not significantly change this spectrum. 300
No pesticides were detected in any of the stream bed sediment samples taken in this study, which 301 could reflect too high detection limits and/or an inappropriate sampling technique. More strategic 302 sampling using a stationary suspended sediment sampler is proposed to further optimise the 303 detection success of adsorbed pesticides (Liess et al., 1996) . However, Friberg et al. (2003) detected 304 several lipophilic pesticides adsorbed to bed sediments in Danish streams applying a technique 305 similar to the one used in the present study. An additional factor that potentially explains the 306 absence of pesticides in newly deposited bed sediments was the occurrence of several heavy 307 precipitation events during July, which could have reduced the residence time for the pesticides that 308 were adsorbed to fine particulate organic matter. We found that the maximum TU and summed TUs concurrently exceeded the threshold value 320 for ecosystem effects in five streams representing more than 50% of the streams at risk of being 321 contaminated by agricultural pesticides (proportion of agriculture ≥ 50% in the stream corridor). 322
Other anthropogenic stressors may be of higher importance than non-point pesticide contamination 323 
